Introduction: Cervical discectomy with interbody fusion is a common procedure in spinal surgery. The resultant biomechanical alterations accelerate degeneration of the adjacent segment, but the contribution of natural degeneration to adjacent segment disease is unclear. Objective: To assess the long-term rate of surgery to discs adjacent to cervical interbody fusion; and to assess the associated incidence of cervico-brachial neuralgia and radiological degeneration of adjacent discs. Material and method: A multicenter retrospective study included anterior cervical discectomy patients at a minimum of 10 years' follow-up. Clinical variables comprised pain, use of analgesics and surgical revision. Functional assessment was performed on the Neck Disability Index (NDI). Radiologic degeneration was assessed on the Goffin score based on cervical spine X-ray. Results: Two hundred and eighty-eight patients were contacted and filled out the clinical questionnaire. Among the patients, 153 underwent radiological reassessment. Mean age was 46 years (range, 16-73 years). Mean follow-up was 14.5 years (12-18 years). The rate of surgical revision on a disc adjacent to the primary level was 5.9%. Frequent attacks of cervico-brachial neuralgia were reported in 20.5% of cases. Radiologic adjacent segment degeneration was found in 81.3% of cases over follow-up. There was a significant correlation between degree of radiologic adjacent segment degeneration and NDI (P = 0.02). Discussion: Degeneration adjacent to discectomy/fusion is partly due to aging. The present findings, however, agree with the literature and indicate accelerated degeneration in adjacent segments. These findings should be taken into account in treatment decision-making and suggest a possible interest of more physiological surgery such as arthroplasty. Level of evidence: IV -Multicenter retrospective study.
Introduction
Cervical discectomy is an old procedure that has long demonstrated its immediate efficacy and low associated morbidity [1] . Beyond the short-term clinical benefit, however, the biomechanical Table 1 Assessment of radiological degeneration on Goffin's criteria.
criteria of degeneration
Disc height compared to adjacent discs Normal 0 Reduction < 25% Study of over-and under-lying levels
The degeneration score for each image is the highest of the 2 criteria and the 2 levels The final score is the difference between the degeneration scores on immediate postoperative and last follow-up views 4 degrees of degeneration: 0 = none; 1 = slight; 2 = moderate; 3 = severe but there is no clear definition of adjacent syndrome disease, whether radiological or clinical, to be found in the literature. In reported studies, follow-up has been variable and often less than 10 years. Despite the abundant literature on the subject, the impact of cervical interbody fusion on adjacent segments remains unclear.
The principal objective of the present study was to assess incidence of surgical revision of an adjacent segment in patients who had undergone anterior fusion of the cervical spine more than 10 years previously. Secondary objectives were to assess incidence of radiological adjacent segment degeneration and clinical cervical symptomatology. Correlation between radiological and clinical findings and possible risk factors were also investigated.
Material and method
A multicenter retrospective study included patients undergoing cervical spine surgery on an anterior approach between 1996 and 2000 in 7 French orthopedic and neurosurgery centers.
Patients were included who had undergone single-or multilevel discectomy, with or without interbody fusion by graft or implant, for degenerative pathology (discal hernia, degenerative discopathy, discal osteophytic lesion) or discal-ligamentous trauma (traumatic discal hernia, sprain, dislocation, etc.).
Exclusion criteria comprised traumatic bone lesion, posterior or dual-approach surgery, corporectomy, discal prosthesis and previous spinal surgery. The selected patients were contacted for clinical and radiological assessment.
Clinical assessment consisted of an interview held either in consultation or by telephone. The following criteria were investigated: secondary cervical spine surgery, cervicalgia and/or cervico-brachial neuralgia (CBN) on a 3-point scale of severity, and use of analgesics or physical therapy. Occupational status was compared against the preoperative situation. Self-assessment questionnaires were delivered: Visual Analog Scales (VAS) for cervical and radicular pain and Neck Disability Index (NDI) [4] .
The radiological study was based on cervical spine X-ray. Fusion quality was analyzed, and adjacent segment degeneration was assessed on Goffin's criteria [5] by comparison with postoperative radiographs (Table 1) . Assessment by two independent observers was centralized and blinded; in case of disagreement, arbitration was achieved in a meeting of the two observers.
Statistical analysis used XLSTAT ® software (Addinsoft). The surgical revision rate was calculated as cumulative incidence. Univariate analysis used Chi 2 or Student t tests. 
Results
In the 7 centers, 288 patients were reached and filled out the clinical questionnaire; 153 underwent radiology. The sex ratio was 1.12 (152 male, 136 female). Mean age was 46 years (range, 16-73 years). Mean follow-up was 14.5 years (12-18 years). Table 2 shows pathology types, surgical techniques and operated levels.
Clinical results
Twenty-one patients underwent spinal revision surgery; 4 had early procedures on the primary level and 17 were operated on in an adjacent level. The rate of adjacent segment revision was thus 5.9%. Actuarial analysis with "revision surgery" as event showed steadily increasing cumulative incidence, predicting a 15-year rate of 6.3% (95% CI, 4-10%) (Fig. 1) .
Among the patients, 130 had chronic cervicalgia (45%); 59 had frequent (20.5%) and 54 episodic CBN attacks (18.7%). Sixty were taking medication for the cervical spine regularly (20.8%) and 58 episodically (20.1%). Forty-seven received physical therapy regularly (30.2%) and 46 episodically (16%). Mean VAS was 3/10 at cervical and 2.2/10 at brachial level. On NDI, cervical disability was absent in 28.2% of cases, slight in 38.9%, moderate in 21.5%, severe in 8.7%, and total in 2.7%.
Among the patients, 74.5% were very satisfied with their operation, 20.1% somewhat satisfied, and 5.4% somewhat dissatisfied. Occupationally, 242 patients had been active at the time of surgery; 161 resumed their previous work (66.5%), 31 returned to adapted work (12.8%), and 28 received invalidity benefit (11.6%). Univariate analysis of risk factors was performed for revision surgery, onset of chronic cervicalgia and CBN, and NDI. Results are shown in Table 3 . Age, gender, pathology, type of surgery, level and number of levels did not significantly correlate with rate of revision. The only significant correlations with clinical events were higher rates of chronic cervicalgia and of recurrence of exacerbated CBN in female patients (P = 0.05). CBN recurrence was also more frequent in case of isolated discectomy (P = 0.02) or discectomy with graft (P = 0.002) than discectomy with graft and plate.
Radiological results
Analysis of the operated level found significantly better fusion rates for discectomy with graft (95%) and discectomy with graft and plate (95%) than isolated discectomy (65%) (P = 0.001). Adjacent segments were analyzed on radiographs at latest follow-up in 149 cases, showing degenerative lesions in 96.7%: slight in 9.4%, moderate in 30.9% and severe in 56.4% (Table 4) . Immediate postoperative and latest follow-up radiographs could be compared in 91 cases, showing deterioration in 81.3%: by 1 grade in 31.9%, 2 grades in 40.6% and 3 grades in 8.8% (Table 5) .
Clinical-radiological correlation found a significant relation between degree of radiological adjacent segment deterioration and NDI (P = 0.02) ( Table 6 ).
Univariate analysis of risk factors for radiological deterioration found significantly worse degeneration in case of primary surgery in levels C5C6 or C6C7 (P = 0.04), no other studied factor having significant impact (Table 7) . Table 5 Evolution of degeneration between immediate postoperative and last follow-up radiographs -91 files (n or n (%)). 
Discussion
In the present study, the rate of revision surgery for adjacent segment disease was 5.9% at a mean of 14.5 years' follow-up, with chronic cervicalgia in 45% of cases and frequent CBN in 20.5%.
There was radiological deterioration in 81.3% of cases, especially associated with C5C6 or C6C7 fusion. There was a significant correlation between radiological deterioration and NDI.
Adjacent segment disease in anterior cervical fusion
There have been several studies of the impact of fusion on adjacent segments, reporting that increased stress accelerates disc degeneration. Hilibrand et al. reported a large retrospective series of 374 patients with anterior cervical discectomy and fusion: annual incidence of adjacent segment symptoms was 2.9%, with 18% of patients presenting clinical signs [6] ; 25.6% of patients were predicted to have adjacent segment involvement within 10 years of primary surgery. More recently, Goffin et al., in a retrospective study of radiological adjacent segment degeneration in 180 discectomy-fusion patients at a minimum of 5 years' follow-up, found a rate of 92% and concluded that fusion is an independent factor for disc degeneration [5] ; type of surgery (with or without fusion, type of graft, associated plate) did not influence degeneration but did correlate with non-union in the operated level. Numerous studies reported high incidence of adjacent segment disease following discectomy and fusion, with prevalence increasing over follow-up, as in the present study. However, it is essential to know the natural history of disc degeneration in order to be able to estimate the real impact of fusion. ns: non-significant; ACD: anterior cervical discectomy; ACDF: ACD + fusion; ACDF + P: ACD + fusion + plate.
Natural history of disc degeneration
In 2003, Wilder et al. reported 707 patients without disc surgery, with a mean age of 66.8 years and a mean 5.8 years' follow-up: 48% showed radiological disc degeneration. The overall annual degeneration rate was thus between 8% and 9% [7] .
Studies of radiological evolution after cervical fusion fail to find significantly worse degeneration in directly adjacent discs than other discs, indicating a significant contribution of natural history to degeneration [8] .
Lundine et al., in a retrospective study of preoperative MR images in 106 patients, found systematic preoperative degeneration in levels adjacent to subsequent surgery, and concluded that degeneration is not directly the result of fusion so much as a sign of evolution in natural history [9] . Okada et al., in 223 healthy volunteers (39 ± 15 years of age at initial MRI), found radiological degeneration at a mean of 11.7 ± 0.8 years after initial MRI in 58% of subjects [10] . When, however, a part of this healthy volunteer group (n = 201) was compared to 64 discectomy and fusion patients at a mean of 12.1 ± 0.5 years' follow-up, clinical symptoms and adjacent segment degeneration were worse in the patient group than in the healthy controls; the authors concluded that discectomy and fusion accelerate disc degeneration in adjacent segments [11] . Although these studies were purely radiological, there would seem to be a direct link with onset of pain [12] . The present series showed a significant relation between degree of radiological degeneration and NDI.
Clinical aspects of adjacent segment disease
The incidence of clinical adjacent segment disease is also to be compared to the clinical data for non-operated subjects. The prevalence of neck pain of whatever cause has been estimated at 10-25% in the general population [13, 14] . These rates greatly depend on the data collection methodology, and do not correlate with radiological degeneration.
In a recent systematic review of cervical fusion, Lawrence et al. estimated the prevalence of postoperative clinical adjacent segment disease at 11-12% at 5 years and 16-38% at 10 years [15] . A meta-analysis of 14 studies found a mean 12% rate of clinical degeneration, varying, however, from 1.8% to 36%; this study highlights the heterogeneity of the data and analyses [16] .
In a systematic review, Kraemer et al. focused on the definitions and classifications of radiological and clinical adjacent segment disease, and concluded that methodologies varied and no valid classification exists [17] .
In the present study, the prevalence of cervicalgia reached a 45% by a mean 14 years after primary surgery, with a prevalence of CBN of 20.5%. The retrospective design unfortunately did not allow patients presenting new symptoms to be distinguished from those who failed to improve with surgery.
Surgical revision for adjacent segment disease
The rate of surgical revision in adjacent segments is directly related to radiological and clinical degeneration, and varies from 3% (Komura et al., 2012) to 8% (Hilibrand et al., 1999) [6, 18, 19] .
Xu et al., in a retrospective study of 888 patients at a mean of 94 months' follow-up, found a revision rate of 12.2% at a mean of 47 months; the rate of further degeneration requiring a third operation was 25% by 30 [20] . These findings implicate fusion in accelerated disc degeneration.
Wu et al., in a study based on national data over a 10-year period, found an annual incidence of revision surgery of 0.8% [21] . These differences are due to varying follow-up times and the fact that indications for surgery are far from uniform.
The present study reports an overall revision rate, close to those found in the literature, of 5.9% over a long follow-up (14 years). There was also a linear increase in revision surgeries over time, suggesting even higher rates over a longer term.
Risk factor analysis
While it is difficult to distinguish the roles of iatrogenesis and natural evolution, exploration for factors predisposing towards degeneration remains useful as it can orient indications for treatment. Certain risk factors commonly emerge.
In a systematic review, Lawrence et al. implicated fusion with preserved levels C5C6 and/or C6C7, age < 60 years, pre-existing disc protrusion with medullary contact, and fusion involving 3 or more levels [15] .
In a recent retrospective study of 888 patients, Bydon et al. identified levels C5C6 and C6C7 as mostly frequently involved by adjacent segment disease [22] .
The present univariate analysis identified surgery in C5C6 or C6C7 as a risk factor for degeneration.
In the literature, as in the present study, the number of levels involved in fusion does not seem to be a factor for increased degeneration [23] .
Conclusion
The various studies agree on a correlation between radiological degeneration and onset of new clinical symptoms in the form of adjacent segment disease. The rate of adjacent segment disease reaches 38% by 10 years, with surgical revision rates varying from 3% to 10% depending on the series. There are many arguments tending to show that fusion accelerates degeneration in adjacent discs, although this is hard to quantify in distinction from the natural evolution of osteoarthritis. Indications for surgery should take account of these findings and of the long-term iatrogenesis induced by surgery. The emergence of potentially more conservative procedures such as arthroplasty may limit the onset of degeneration.
